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The strange vector form factors are investigated in the framework of the semi-
bosonized SU(3) Nambu-Jona-Lasinio model (or chiral quark-soliton model).






and the strange magnetic
moment 
s
=  0:45 are obtained in case of the constituent quark mass M =











The hidden strangeness contents of the nucleon has been under a great deal
of discussions for well over a decade. Recently, the European Muon Collaboration
(EMC) [1] measured the spin structure function of the proton via deep inelastic
muon scattering and showed that there is an indication of the sizable amount of the
strange quark contribution. It implies that the total quark spin contributes very
little to the spin of the proton. Another experiment conducted at Brookhaven [2]
(BNL experiment 734) measuring the low-energy elastic neutrino-proton scattering
came to the more or less same conclusion. All these experimental evidences have it
that on the contrary to the naive quark model, it is of great importance to consider
strange quarks in the nucleon seriously.
Kaplan and Manohar [3] showed how elastic p and ep scatterings can be used
to extract the G
1
form factors of the U(1)
A
current as well as the F
2
form factors of







sjpi can be evaluated.
Following these suggestions, Garvey, et al [4] reanalyzed the above-mentioned
p elastic scattering experiment and determined proton strange form factors in
particular at Q
2
= 0, pointing out the shortcomings of the analysis done by Ref. [2] .


























) < 0. However, these form factors are
experimentally unknown to date and have no stringent and concrete constraints on
their Q
2
{dependence yet. There are various proposals and experiments in progress
(see Refs. [10,11] for details).
There have been several theoretical eorts to describe the strange form factors
of the nucleon. The rst attempt was performed by Jae [5], taking advantage of
Ref. [6], i.e. the pole t analysis based on dispersion theory. Jae estimated the
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) = 0 (1)
in order to constrain the pole residues. The SU(3) Skyrme model [7] and the kaon-






. More recently, H. Forkel, et
al. [9] evaluated the strange vector form factors and compared with several dierent
approaches in detail.
In this letter, we aim at investigating the strange vector form factors and related
strange observables in the semi-bosonized SU(3) Nambu-Jona-Lasinio model(NJL)
(or Chiral Quark-Soliton model). The model is quite successful in describing the
axial and electromagnetic properties of the nucleon [12,13]. Since the strange prop-
erties of the nucleon is related to those axial and electromagnetic observables, it is
of great interest to evaluate the strange form factors in the SU(3) NJL model.
The information of the strange vector form factors in the nucleon is contained











The strange quark current J
s









































stands for the number of colors of the quark. We employ the non-standard
sign convention used by Jae [5] for the strange current. The baryon and hyper-
charge currents are equal to the singlet and octet currents, respectively.


























































stand for Pauli spin matrices. ji is the corresponding spin state of the



















The baryon current J
N













































denote spin{avor indices, while i
1
   i
N
c

















Y . In our model, Eq. (6) is represented by the Euclidean functional































































where Z stands for the normalization factor which is expressed by the same func-
tional integral but without quark current operator s

s. The Dirac dieren-
tial operator iD = @

+ H(U) includes the single-particle hamiltonian H(U) =












The integral over the pseudoscalar boson elds U is performed by the saddle
point method in the large N
c
limit. The general formalism of evaluating such an
equation as Eq. (6) can be found in Ref. [14,15].
Having taken into account the rotational 1=N
c
corrections and linear m
s
correc-
tions and having carried out a lengthy manipulation, we arrive at our nal expres-




































































































































































































































































































































are the moments of inertia and anomalous moments of inertia,




corresponds to the baryon number, moments of
inertia, and the anomalous moments of inertia at Q
2
= 0, respectively. For ex-
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, see Ref. [13]. Here, we can see easily that at
Q
2
= 0 the strange electric form factor G
s
E






















= 0) = B Y = S.





= 0 must vanish.
In order to evaluate Eqs. (9, 10) numerically, we follow the well-known Kahana-















































































































































































































































































































































Fig. 1: The strange electric form factor G
s
E
as functions of Q
2











corrections. The solid curve corresponds to the constituent quark mass M=420
MeV, while dotted curve draws M=370 MeV. The dashed curve displays the case
of M=450 MeV. The M=420 MeV is distinguished since all other observables of
the nucleon are then basically reproduced in this model.
The strange electric form factor G
s
E
decreases as the M increases. As shown in
the left panel of Fig. 1, the form factor without m
s
corrections is rather insensitive
6
to the constituent quark mass M . However, when the m
s
corrections are turned on,
the dependence on the M becomes greater, in particular, in small Q
2
region.
By comparison between the left panel and the right, we nd that the m
s
correc-
tions contribute to the G
s
E
remarkably. On the contrary to the electric form factors
of the nucleon, the m
s
corrections enhance the strange electric form factor above
about 40%. It is evident from Eq. (9). The sign of m
s
corrections are opposite
to the case of the electric form factors (see Ref. [13]), so that the m
s
corrections






= 0 becomes zero.

























in case of M = 420 MeV. This value we obtained is
confronted in magnitude and sign with the outcome of other models. For example,




is larger than  0:1fm
2
. The SU(3) Skyrme
























































































































































































































































































































































































































































































































































































































































Fig. 2: The strange magnetic form factor as a function of Q
2
: The solid curve
corresponds to the constituent quark mass M = 420MeV, while dashed curve
draws the case of M = 450 MeV. The dotted curve displays the case of M = 370
MeV. The strange quark mass is taken to be m
s
= 0MeV. The M=420 MeV
is distinguished since all other observables of the nucleon are then basically
reproduced in this model.
The left panel of Fig. 2 draws the strange magnetic form factor without the m
s
corrections, while the right one of Fig. 2 displays that with the m
s
corrections. On






increases slowly as we increase the constituent quark
mass apart from the smallQ
2




). The right panel





corrections. It increases as M increases in the
whole Q
2




is reduced dramatically with the m
s
corrections being considered. In case
of M = 420 MeV, the m
s
corrections bring it down almost by 40%. The strange
magnetic moment is dened as the strange magnetic form factor at Q
2
= 0. The
strange magnetic moment we have obtained is 
s
=  0:45 in unit of the nuclear
magneton. Its absolute value is rather greater than in the other models. In table 1,
the strange magnetic moments 
s
and the mean-square strange radius are displayed
as a function of M and m
s








We want to take the occasion to comment on Ref. [20]. Though Ref. [20] seems
to use the same model as the present work, there are important dierences between
these two papers. First, Weigel et al. [20] do not consider rotational 1=N
c
correc-
tions in contrast to the present paper. This has the immediate consequence that




=  0:69 for the nucleon
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in our view, one can not hope to get proper strange form factors if the electromag-
netic form factors of the nucleon are not reproduced. Furthermore, Weigel et al.
regularize, besides the real part of the action, also the imaginary one. This meets
problems in producing the anomaly structure and is hence avoided in the approach
of the present work. Altogether in all of our calculations we have never obtained
strange form factors with shapes similar to those of Weigel et al [20].
In summary, we have calculated in the SU(3) Nambu-Jona-Lasinio model, often











) including the strange magnetic moment 
s
, and




corrections. The results have been compared with dierent
other models.
We would like to thank Ch. Christov, M.V. Polyakov and W. Broniowski for
fruitful discussions and critical comments. This work has partly been supported by
the BMFT, the DFG and the COSY{Project (Julich).
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TABLES
TABLE I. The strange magnetic moments and mean-square strange radius as varying the
constituent quark mass.
M 370 MeV 420 MeV 450 MeV
m
s












] -0.16 -0.29 -0.12 -0.17 -0.09 -0.14
TABLE II. The theoretical comparison for the strange magnetic moment and mean-square












Jae  0:31 0:09 0:14 0:07 [5]
Musolf & Burkhardt  (0:31! 0:40)  (2:71! 3:23) 10
 2
[8]
Forkel, et al. 1:69 10
 2
[9]
Park & Weigel 0.05 -0.05 [7]
Weigel, et al.  0:05! 0:25  0:2!  0:1 [18]
SU(3) NJL -0.45 -0.17 Present work
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